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Synopsis

Sugar is a natural food, which fulfills all the physiological functions of a carbohydrate food. It provides calories and combines with many valuable foods to enhance their taste appeal. It remains the major sweetener in foods especially traditional sweets. Sweetness is an attractive quality in foods. However, sugar has become a subject of controversy over its adverse effects in health and nutrition namely as a contribution to excessive calories, diabetes, hyperglycemia, hypertension and as a principal causative factor of dental carries. 

Growing awareness of each of these issues has cast a negative influence on the consumer towards sucrose based foods and the demand for low or no sugar products is on the increase. Thus today there exists a need to provide low sugar or sugar free products, which have characteristics similar to those of sugar. However there are problems in replacing sugar with alternatives. This is because sugar in addition to sweetness, imparts many desirable characteristics to the product like body and texture. It is also a good preservative. Sucrose alternatives should naturally satisfy these requirements. Many types of sucrose alternatives are now available and with the help of these, tailor made foods can be prepared so that consumers are not penalized with excessive calories. The main aim of the present study was to replace sugar in Indian sweets with sucrose alternatives, without affecting the desirable quality attributes of these products. With this broad aim in view, the work was initiated on selected Indian sweets such as jamun, burfi, laddu and the results are presented in these studies.

Chapter 1 describes an introduction on sweetness, sweeteners, properties of sucrose and problems of sucrose replacements. In order to suit particular products or meet the requirements and demands for sugar free products an in depth knowledge of the existing sweeteners, their classification and properties have been discussed in detail. The Indian scenario for alterative sweeteners has also been touched upon. 
Since the main aim was usage of sucrose alternatives in Indian sweets a broad classification of the types of Indian sweets has also been discussed. In the present study, sorbitol and mannitol are the two polyols used. Aspartame is the intense sweetener used along with bulking agents such as maltodextrin and polydextrose to prepare traditional Indian sweets and these sweeteners and bulking agents are discussed in detail.

Chapter 2 describes the detailed work carried out on preparation of Gulab jamun /jamun is a traditional khoa based sweet popular in India. It is round or oval in shape, dark brown in colour and served dry or immersed in sugar syrup. Sugar syrups play an important role in determining the quality of syrup based sweets. The concentration of syrups influence the texture and mouthfeel of many syrup based sweets and hence a study on the rheological behavior of sugar free syrups was studied in detail. The study investigates the rheological behaviour of dispersions containing sugar replacers such as sorbitol, polydextrose (PD) and mixtures of maltodextrin and polydextrose (MD+PD) while sucrose solution has been used for comparison. These rheological characteristics were studied to obtain desirable consistency to yield products with similar quality compared to that of sugar. 

The results revealed that sugar and sorbitol solutions, behave like Newtonian fluids, while PD and MD+PD syrups  exhibited a shear-thinning, non-Newtonian behavior with yield stress. Flow behavior of all the syrups studied could be well represented  by the Herschel-Bulkley model. The yield stress, flow behavior index and consistency index were dependent on both temperature and concentration. The activation energy, as calculated by the Arrhenius equation, increased with increasing concentration of solids. To produce solutions/dispersions with the same viscosities as sugar solutions, the requirements of sugar substitutes (PD and MD+PD) were needed in smaller amounts than sugar alone, whereas for sorbitol it was similar to that of sugar. The colour of syrups showed that sorbitol syrup was brighter than the others and matches closely with sugar syrup.	
Optimisation of any product or process requires an integrated approach, involving choice of the best set of conditions among specified alternatives. Optimisation was designed for jamun to study the effect of processing parameters such as concentration of syrup, temperature of soaking and time of soaking the jamuns on the response functions such as texture and sensory overall quality.  

		The results indicated that the optimum conditions for jamun made with sugar or with sorbitol, were :- syrup strength 51 and 54°B; temperature of soaking, 54 and 65°C and time of soaking  were 4 and 3 hrs respectively.  Based on these conditions,  jamun without sugar could be prepared without affecting the quality.

		Instrumental texture,  colour and proximate composition of jamuns were determined along with sensory analyses for jamuns prepared with sorbitol, mixture of MD+PD and PD. The stability of the added intense sweetener aspartame in these products were studied by HPLC. The microbiological profile of the products were also studied .

		Colour measurements indicated that jamun prepared with sorbitol was lighter in colour, than jamun made  with  either a sugar syrup, or  a syrup made with a mixture of  maltodextrin and polydextrose (MD+PD), or a polydextrose (PD) syrup. The added intense sweetener aspartame, showed the least loss at refrigerated temperatures and highest loss at accelerated temperature. The microbial profile of jamun also indicated that jamuns with sugar syrup had a shelf life of 4 days, while jamuns made with MD+PD or PD syrups had a shelf life of 2 days.  Interestingly jamun with sorbitol was found to be safe for the entire storage period of 8 days; moreover the lower calorific value of sorbitol jamuns is an added advantage. Thus jamuns could be prepared with sorbitol without affecting the overall quality compared to the traditional product prepared with sugar. Bulking agents like  PD and mixtures of MD+PD along with added intense sweetener,  aspartame also could be used for the preparation of jamun. But these showed a lowered overall acceptability compared to jamun with sugar and sorbitol. 

Chapter 3 describes milk burfi, a popular sweet prepared from khoa (concentrated milk) and sugar. The effects of replacing sugar in these products were studied. It was observed that operational parameters such as total soluble solids (TSS) (ºB) at the end of cooking and days of storage influenced the quality of burfi. RSM was used to optimize the effect of these variables on the texture and overall quality of burfi. 

The results revealed that the optimum conditions for burfi with sugar was 80°B of TSS  and 2.34 days of storage, for obtaining a burfi with a breaking strength /snap of 13.3N and a sensory overall acceptability score of 9.5. In the case of burfi with sorbitol to obtain a product close to its sugar counterpart, 77.5°B and 5.5 days of storage was needed for obtaining a burfi with 12.9N with an overall acceptability score of 9.1. These parameters are well correlated with experimental conditions. 

Studies on  storage stability of burfi was carried out by instrumental texture and colour. The sensory analyses of sugar free burfi prepared with sorbitol, mixtures of sorbitol and mannitol (S+M) 80:20 and 90:10 and with PD and MD+PD were carried out in comparison with its sugar counterpart. The stability of added intense sweetener aspartame in these products and the microbial profile were also studied. 

Colour measurements indicated that burfi prepared with sugar and mixtures of sorbitol and mannitol (80:20; 90:10) were similar and  were lighter in colour, compared to sorbitol, polydextrose, mixture of polydextrose and maltodextrin. Stability of aspartame in these products showed least loss at refrigerated temperature and highest loss at accelerated temperature. The microbial profile of burfi indicated that burfi prepared with sugar had a shelf life of 10 days, burfi with sorbitol and mixtures of sorbitol and mannitol had a shelf life of 20 days, whereas products prepared using MD+PD and PD were found to be safe for consumption for 5-6 days only. The total reduction in calories was marginal in sugar free burfi as only 30% of sugar used was replaced by alternatives.  
    
Moisture sorption isotherms give an insight into the moisture binding characteristics of foods. Hence sorption studies of burfi were taken up. The results revealed that moisture sorption isotherms of sugar and sugar free milk burfi showed sigmoidal pattern, similar to sugar rich products. The curves of burfi with sorbitol shifted towards left compared to that of sugar. Products with bulking agents like MD, PD or combination of these two were found to be similar to those of sugar counterpart. The GAB model showed a better fit compared to other models, as it is applicable to a wide range of water activity.  

Milk burfi could  be prepared with quality characteristics similar to those of burfi with sugar using sorbitol and mixture of sorbitol and mannitol (90:10).

Chapter 4  deals with the preparation of laddu, a legume based sweet. It is made from boondi, which is obtained by dropping batter of bengal gram flour through sieves into oil and deep fat fried. Boondi is bound together with sugar syrup and moulded into balls and are called laddus. Binding is very important in the preparation of laddu, which is imparted by the sugar syrup of optimum concentration. On storage, the sugar in laddu crystallizes partially, which is a desirable attribute. In order to obtain these desirable attributes, the effect of processing parameters on quality of laddu was studied. The stability of intense sweetener aspartame added along with the sucrose alternatives was studied by HPLC. The storage stability of laddu was studied along with instrumental texture and colour. The microbial profile and sorption studies of laddu were also studied. 

	Results indicated that laddu could be prepared using sorbitol and mixtures of sorbitol and mannitol (80:20; 90:10), whereas acceptable products could not be made with PD. Laddu with MD+PD gave rise to problems with moulding, as the spherical ball slowly disintegrated into individual boondi. Increasing the total soluble solids (°B) did not improve the moulding characteristics. 

	Colour measurements indicated that laddu prepared with sugar and mixtures of sorbitol and mannitol (80:20; 90:10) were lighter in colour. Laddu prepared with sorbitol or with MD+PD were moist throughout. Stability of aspartame in these products showed marginal loss at refrigerated temperatures. Highest loss was observed at accelerated temperatures. The microbial profile of laddu indicated that laddu made with sorbitol or with mixtures of sorbitol and mannitol had a shelf life of 20 days whereas products prepared using MD+PD were found to be safe for consumption for 5 days only although sensorily the product scored least in overall quality. 

Moisture sorption data is useful in choosing suitable packaging material having a desirable water vapour barrier property and also in addition to determining the stability of the product. Moisture sorption isotherms of sugar and sugar free laddu showed sigmoidal pattern, similar to sugar rich products. Addition of sugar replacers tended to shift the isotherm to the left. The GAB model showed a better fit compared to other models, as it is applicable to a wide range of water activity.  

Chapter 5  describes the summary and the conclusions drawn from the study. 

Chapter 6  lists bibliographic citations of the thesis.

